Objectives: Given the controversy in the literature about the variations in intercanine and intermolar distances and arch perimeter once the eruption of permanent teeth is completed, the aims of this study were to assess the changes of these measures with age, analyzing its sexual dimorphism and variability in a Spanish population. Study Design: 188 Spanish individuals distributed in three age groups were selected: 63 adolescents (mean age: 14.15 years), 62 young adults (mean age: 21.9 years) and 63 adults (mean age: 40 years). The intercanine and intermolar distances and arch perimeter were measured in each dental cast from each individual of the sample using a digital method. The results were compared between sex and age groups, the sexual dimorphism percentage (%) of each measure and its variability coefficient (VC%) were calculated. Results: The results depend on sex and age and, therefore, these two factors will be analyzed jointly for each of them with the variation coefficient of the measurement. Intercanine and intermolar distances and arch perimeter were greater in men than in women, especially in the young adult and adult groups. Conclusions: The intercanine distance and arch perimeter tended to decrease with age particularly in the female sex, whilst the intermolar distance didn't undergo significant changes. The intercanine distance is the dimension that presented the greatest variability, whereas the intermolar distance presented the least. The changes occur in the transition from adolescence (14 years of age) to adulthood (22 years of age) and the subsequent alterations are not relevant.
Introduction
The dental arch undergoes various dimensional changes with age, the greatest alterations taking place during periods of growth. However, it is known that these changes do not cease with the onset of adulthood but continue at a slower rate, as it was demonstrated by studies carried throughout the life of an individual (1) (2) (3) (4) . Several authors have observed an increase in intercanine and intermolar distances until permanent dentition is completed. The greatest increases take place during the period of greatest growth and decrease slightly from that moment on, especially in the lower intercanine distance (5) (6) (7) (8) (9) (10) (11) (12) (13) . In addition, others authors (14, 15) found that the intermolar distance remained stable. Other ethnic group's studies observed similar results (16) (17) (18) . Many authors (1) (2) (3) 5, 7, 15, 19) have also obtained an increase in arch perimeter until permanent dentition is completed and a diminution of this dimension with age, mainly in the lower arch (4, 12) . As regards the different dimensions of dental arches between sexes, it can be observed that, generally speaking, males present greater arch dimensions than females (2, 6, 9, 10, (20) (21) (22) (23) . Others studies found significant differences between sexes in different ethnics groups, in an Egyptian and Arab population (24) and in a Chinese population (25) . Due to the fact that most studies in Spanish populations focus on the first two decades of life and that there are no studies that evaluate later changes, the aims of this study were to assess the changes of these measures with age and to analyse its sexual dimorphism and variability. For that reason, we have selected patients of three age groups: adolescents, young adults and adults, with the aim of analysing the changes in the dental arch during the period of greatest growth (adolescents), during its final stage (young adults) and during the period of maturity in the fourth and fifth decades of life (adults). On the other hand, as we could observe, men and women present differences in dental arch. So, sexual dimorphism must be taken into account when individualizing orthodontic treatment as well as the variability between different individuals.
Materials and Methods
In the first place, it is worth noticing that this is a crosssectional study and not a longitudinal data. The study sample was made up of individuals of both sexes, all of them Valencian, Spanish, resident in the city of Valencia, Spain, and with Valencian parents. The sample was homogenous and was divided into 3 chronological age groups: adolescents, young adults and adults. The inclusion criteria for the study models were the following: 1. Presence of permanent dentition from first left-side molar to first right-side molar 2. Absence of alteration in the number of teeth. 3. Absence of abnormalities in dental size and shape. 4. Good quality of study models. On each of the digitalised plaster casts, measurements were taken of intercanine and intermolar distances and arch perimeter in accordance with the following measurement criterion:
• Upper (UICD) and Lower Intercanine Distance (LICD) -the linear distance between the cusps of contra-lateral canines or, in the event of presenting evidence of wear, the distance between the centres of the worn surfaces.
• Upper (UIMD) and Lower Intermolar Distance (LIMD) -the linear distance between the points sticking out most from the molars measured on their vestibular faces.
• Upper (UAP) and Lower Arch Perimeter (LAP) -line that passes in the ideal mesial and distal contact points of each tooth from the first molar of one side to the first molar of the opposite side.
-Statistical method
The values found were introduced into a database for being processed, using the statistical package SPSS version 11.5 for Windows. The Kolmogorov-Smirnov test was applied to determine which measurements showed normal distribution and to determine the type of statistics to be used. For statistical analysis, the samples of each age group were grouped together per sex and the normality of the measurement of distribution was studied in each group using asymmetry analysis and Kurtosis. A comparison of two means was undertaken using Student's t test and the differences of the means were estimated to a confidence interval of 95% (CI 95%). Variance analysis was used to compare three or more means, and the Scheffe test was used for multiple comparisons. The percentage of sexual dimorphism was calculated. The variability of each dimension studied was evaluated by means of the variation coefficient (VC%). The statistically significant difference in means between sexes in each age group was considered when the p value was greater than 0.05, which is marked with an (*). Also statistically significant differences between age groups for each sex were considered a>b p< 0.05. The results of intercanine, intermolar distances and arch perimeter depend on sex and age and, therefore, will be analysed jointly with the variation coefficient of the measurement. The percentage of sexual dimorphism in the arch distances (intercanine and intermolar) and arch perimeter were studied in table 2. Since we did not find statistically significant differences in adolescents, the table just includes adults and young adults. This is the case where significant differences were found in the means between sexes. e611 
Results

Fig. 3. Upper and Lower Arch Perimeter Distance (UAP-LAP) mean values for adolescents, young adults and adults of both sexes (female and male).
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Discussion
With regard to the ICD it can be said that, with the exception of adolescent males, the greater variability for this dimension (VC %) was found in the lower arch, as did other study (22) . Generally speaking, we found that there was greater variability of the ICD in males than in females.
As for the mean differences between sexes, in our study we did not find statistically significant differences in adolescents. The differences reached statistical significance in both arches for young adults and in the upper arch for adults. Our percentages of sexual dimorphism in young adults and adults coincide with some studies (6, 9, 10, 24) where greater intercanine distances were found in men.
In our work we have observed that the ICD tends to decrease significantly with age in females, between adolescents and young adults and between adolescents and adults. However, in males, even though a tendency towards a decrease between adolescents and adults can be observed, there are no significant differences between age groups. Our results are in line with the majority of studies (5,15), where a decrease in ICD is observed with age after completing permanent dentition, especially in girls (15) . Regarding the studies by others authors (9-11,13,18,21) our results partly coincide with theirs, as they observed that the UICD diminished in both males and females. Both our work and the above mentioned studies contradict the Knott's (6) observations for whom the ICD remained stable after reaching permanent dentition, even in other ethnic group's studies (16) (17) (18) .
Regarding the variability of IMD, with the exception of young adults, the greatest variability of VC (%) was found in the upper arch, although the differences were very slight. Contrary to our results, Hashim and AlGhamdi (22) found a greater VC in the lower arch. We have found greater variability of IMD in males than in females in the adolescent and young adult groups. However, women presented greater CV in both arches in the adult group. In our study, we have observed higher values of variability in the intercanine distances than in intermolar distances.
As occurred with ICD, we did not find statistically significant differences between sexes in the adolescent group. Our results coincide with some authors (2,9,10,24) who found greater values for intermolar distances in men.
As for the difference of IMD between the different age groups, we have only found a significant increase in UIMD between young female adults and adults, without any significant differences between the other groups. On this subject, there is a great variety of results in the literature, some of which are contradictory. Thus, for some authors (5, 14) their sample presented a continuous decrease of the IMD. We partially coincide with Bishara et al. (9, 10) , who found that alterations in the IMD were more modest than the alterations of the ICD. Similar to our own results, these authors observed that the IMD tends to decrease between the ages of 13 and 26 and remain the same between 26 and 45 in females. Contrary to our results, in studies undertaken on patients in their third decade of life, researchers (11) observed significant decreases of IMD in both jaws and sex, while others (12) observed significant decreases of the LIMD and increases in the UIMD. We partly agree with some authors (4, 13) , for whom the IMD did not undergo significant changes from the end of adolescence to the sixth decade of life.
There is a general tendency of AP diminution between adolescents and adults for the UAP in females and for the LAP in both sexes. However, the most significant decreases occurred for the lower arch between adolescents and young adults females.
Our findings partially coincide with others (1) (2) (3) 12, 14) , which contradicted Moorrees and Chadha (7) for whom AP were constant after age 14.
With regard to the AP variability (VC), it can be observed that the greatest values in females were for the lower arch in all age groups, while in males this was the case for the upper arch, except in the adult group. Hashim and Al-Ghamdi (22) found the greatest variability in the mandible in the normoclusion group and, contrarily, in the maxilla in the malocclusion group. On the other hand, we have observed greater VC for males (except in adults) in the upper arch, while females presented the greatest variability in the lower arch. Concerning to the differences between sexes, we did not find statistically significant differences in adolescents. In the other age groups, there were significant differences between males and females in both arches, the males presenting the biggest dimensions. Other authors (2, 21, 23, 24) made the same observation. We found higher percentages of sexual dimorphism in the young adult's upper arch. Therefore, when drawing up an orthodontic treatment plan, it is important to know the characteristics of the dental arches, namely the arch widths (intercanine and intermolar) and perimeter, and their development over time, as this can provide us with information of the stability or relapse of our treatment.
Conclusions
1. We can conclude that the behaviour of intercanine and intermolar distance and arch perimeter is different with age, for each sex and dental arch. However, the changes, if any, occur in the transition from adolescence (14 years) to adulthood (22 years) and henceforth changes with age are not relevant. 2. The intermolar distance did not undergo significant changes with age after adolescence, with the exception of an increase in the upper arch between young adult and adult females.
3. As for women, the intercanine distance and arch perimeter decrease in the transition from adolescence to adulthood, but in men this decrease is only seen in the perimeter of the mandible. 4. We therefore claim that the dental arch changes after the eruption of permanent dentition. 5. The intercanine and intermolar distances and arch perimeter were greater in men than in women, especially in the young adult and adult groups. 6. The intercanine distance was the dimension that presented the greatest variability, whilst the intermolar dimension presented the least.
